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(54) PULSE LASER RANGE FINDER AND RANGING METHOD 

(57)Abstract: 

PURPOSE; To decide a distance from a produced output to 
an object in high accuracy by dividing an optical beam of an 
ultra short pulse width into a reference beam and a 
measuring beam and irradiating the object by the measuring 
beam and focusing a reflected light to combine it with the 
reference beam and irradiating a time gate by the combined 
beam. 

CONSTITUTION: Light of a beam generating means 101 
which is a level light source of ultra short pulse width is 
divided into a reference beam and a measuring beam by a 
dividing means 102 and an object 100 is irradiated by the 
measuring beam through an optical path 62 by a beam 
transmitter 103. The reflected light passes through an 
optical path d3 and passes through an optical path d4 
through a condenser 104 and enters in a synthesizer 106 
and combined with the reference beam passed through a 
variable time delay element 105 and enters into a time gate 
107 of nonlinear amplitude doubling crystal. The gate 107 is 
opened by coincidence of a pulse when delay time between 

the dividing means 102 and the synthesizer 106 and the gate 107 agree between the both beams 
and it is detected by a detecting device 108 to decide the distance from the object 100 accurately. 
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(2) 

1 

[fttt»#©EH] 

j@®/^l/XiH©/1^Xft tf- A £584f-3 tf-Afg£^ 

at> 

WEft fcf-A £**P K- A*<fc tfft8J tf-A « 

aad^afc, 

*-&j**ai. 

^ fca^sns/WX U-ifHESB. 
[»*»2] jtB*JMkl& BE#*lf-A*¥fTlc 

HE* -f A.y- h TBEfclfc fcf- A 6 7 v 72 
HZ*-/\7 5/ 7^g:£Wt 5 W*S 1 B«©/WX I' 
-ifEESfi. « 

B&8ti«iMea 2 e«©/wx i/— ysnesfi. 

«fWti9BS¥t-AOfft»^WtStfct8!-r5filffll^M 

jt«gB££trw*B i EMw/viz. v— \fmmmm. 
imxm 5 ] wb^-t Ay- b ii#a$BBfttiAi£a 

BEaWbr-A£i(IEB«£-A;fl*J:©#«» 

§ E«©-'-WX l^— -iflWmSB. 

»'*t t»t>»*B 6 e«©/ wx P— tf » 

ebb. 

mmws] «Eai«P'i;-AttH*t;fcfts©*fl»»ic 

jl/XW— tfEEBB. 

c»*ji9] ttE*i*Bii&tt££t?. eee«*e* 
a»> a«a5ffiB©»»«ftu-'f>ift«H*fcft*rt 

lc®£l,T'>fc< &$>ttE#*tt©B»Bft 
fc»©ft*«»6*a*"b"3«*B8E«©^l'XU- 

aEtf«£-A©fi»/«*Ka*&i>fc< tt>-m 



!RfH¥8-4 3 5 3 3 

2 

£-A©£Bfc£fcttTE«as«*i"*tt*¥a«a 
i] ttE*ta*ttB«»fr*fctt#aa«fr 

g SfflMgiplttftgWJg ift 8 EE©/* 

-aire**. 

*Jp3t»K*oT*»t-A*E»f**-WI*#a 

aoB/'^i'X^t-Aro^fww/ft-aroaKSMfli-rsfc 
»©aE»-:fe*tf»=#B#a©Eaffl'&*MB'r* 
saM^mm^at. 

k-assleu tt^ae-At3"fAy-Mc»*rr 
©musft^-rsffiaft^at, 

Sot, 

(a) j@M/WX4I©4>ft< t "&-?©# bf- A 

u awi;-Atiniif-A*a«ist, 

(b) K»ftli--A*£ET'5;fc»KBEBat;--A* 

ifBttattcairrsxs. 

(c) EEEEe-AfcBEEWftli-A£#B»BB 

(e) aEisa©m*!5»6ME»**©rea**)£-r* 
ia*ai 4] tfe^rwafcaaaoEE/t 

^X«©AWX3fcK-AS»ft-r*&»©*&-< tfcE 

-* j;^m=©s/ss ; 7ts^a t . 

keb^be. tr- as sgwusstft if- a £*#-r ssg 

-a»#at. 

a£ip3tKics-3Ta«pt-A*»»-r*»±».»#a 

BE£Et?rAfc<fctfBBEW3tlf-A*£EU 

t-As^-tAy-Kiciarr*^a#at. 
©EB*ajrr*EB*B*a£. 

[8W©P£l&lSi9J] 

[000 1)_ 

[*a±©«a»»] .*»w»4. Efi/t^xsi/— »f© 

<KT 5»»fc*«-<5 *© <t 3^; W— «f nnm t *>■€■©» 
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3 

[0 0 0 2] 

mxv&m mmi'-vmfflt, s«, iooMh 

z g«©S5E&&T?, t/i'a-^OI^M-St 
t57xA b#© 1 Oft©*- ^©/WX««58£-C€? 

&©fc©£#fiB ; E.P.Ippen and C.V. Shank in Ultra 
short Light Pulses" ed. S.L. Shapiro ; J. A. Ans 
trong, J.Appl. Phys., 38 2231 (1967); M. Maire, W. 
Kaiser and J. A. Giordmaine, Phys. Rev. Lett.,17JL2 
75 (1966); E.P.Ippen and C.V. Shank Appl. Phys. Le 
tt., 27 488 (1975); K.L. Sal a, g.a. Kenney-Wallace 

and G. E. Hall, IEEE J. Quantum Electron. 16(9) 
990 (1980); J. J. Fontaine, J.-C. Diets, C-Y Wang 

and H. Sallaba, Opt. Lett., 6(9) 405 (1981). Ztl 

[0003] 7iAhf)>i/- $<Dftmt J tn&ftitm(t) 

h Mm <Dm&-vjEmizmi£? a t uxvwx 

2. 3 5U^-^-©»artTfli^fcffin 

fzffi&&b-3, Diels et al, in Opt. & laser Eng., 4_ 
145 (1983) litt#W($fi8M«roEM8!lJ6fc#?Sl3i$l 
5t © * © tf a f}>E(T© ft/UPX © BJIgtt £ ffi^ L T H 

[0 0 04] 

[^a^&Uck^-rsasui] saw*. 

©SEffilW («fflffl£-5fcli$IBJ&©&«lffii:©ffiW) & 

'#ic»^£sgf«£gB£f££ r t ^ a m tt 5o 

[0 0 0 5] 

SMSi, ffjfSS¥e-Afc<fcimfa5*rftt*-A££f£ 
LT-&f£t:-A!£:£j£U K^tf-AS^-fAy-h 

\zmm^^mt. g^-fAy-HCcfcrj^sft 

fcttl*^ e.g»«t»ST©ffi»£ftgT^K»^g^a 
frS>#lfi£;*ns£fK¥att> SsKtf-AS^fTlC* 
Ay-hfCfiSW-r^ttfelC. ^i* Ay— hftfa^ 



(3) ftH?¥8-4 3 5 3 3 

4 

fc©£-f£^£#Ti*5. ^Ay-Mi, #*|J§^ 
SfSBftJ^atttHBilH-A©^ 

I^KtSip'H-AWfR^RtStfclJt^^^WH:^ 
Sfi^tJfc.©i:-rs^i:^T€rS. ^-fA^- 

-^cmmmmmta^zmx^txrztt, z. 

©#«®^^SfgiPi!g^(iH-A^Hrtir-g!-rsm 
TS^ffl£=fr^lf-A©gEffll|glSc^S ! b©t1' 

iO [0 0 0 6] Sipt-AttT3tftS©*^!St 
foT81U ^©gJpS&li*©*!;:, *©8*PSS©fi 

s &fwwr * fe»©^k^ji®^ a& to *>© t-rs 
fias) ^-r s ^ © 1 1 s ^ t fc-c^ ^ . 

£S&4f*;fc*©'>fc< i tflf§-©gfcSft 

f- A^i^WIBS^Tt h- A bT-&^ kf- A & 
£j£U ^&)&tf-A£*-f Ay- Mc$lff 

at, K^-r Ay-Hicio^^tifcai*^?.^* 

[ 0 0 0 7 ] ' £&. *38"JJ©HieErfc». -o©*f^ 

^©ffiSisaj^-r^^STSoT, (a) mm/vvz® 

©'>fc<£fc-t3©3fct:-A££/£U S*b'-Attt 
50 jllf-AfcflN&Igt. (b) K«*H-A**l«fS 

* \z Htrt3 ttn bf - a & ffif2*f*fe ic jhwt « xg. 
(c) tteasiph;-Ad:K»3te-As*«»«*R« 
flneflt*^T-&^-raxst. (e) wi3igft©ffl* 

[0 0 0 8] 

ttSiiife«fci;xxhif-Aic:^tens. «ht. k» 
©jtK&a-D&-?-©Siptf-A*«ki«a^-r^fr»*«) 
^e.5»$nfc^©xXr-H-A«s^fj^ns. 

»^>f Ay-hti/Tfflvj&ns. ^©SEffin^e.jtt 
«tcs©ie«t**si»$ns. s**«fc*ir>Ttt, *© 

[0009] 

[*W©SM|] tf3U>^TgS©WRS©^^Ay- 

*ti©*sa$. ^nicttg*-?. «si»cmoiE5iiciE 

u8^ilioi^L^-^tJ:f«^*.sughru8.com 
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(4) 

5 

[0 0 10] 

Sa©a»aW«#o;/He®/WX«*»tf-fc»i:-r4: 

[0011] ^iOi'Xf Awa&WSSWei 1 
SnTV»-6. ---P. «Jt«10 1fc±D««»lt*«38 
£U 1 0 2IC43^T*ip/'WXix3. 20 

^•^Tt-Ae»g§l 0 3*»&3fc*»d l+d2+d3 
+ d 4 + d 5 £jI$U fX h*MM& 1 0 0 (C*V»TS 
tf/««U *tt8§l 0 4£SoTSi9. £*K810 6 

[0 0 12] 0 2lC*lt5iBS©»at^JsjHB 

Ay-h©ffl©3§MISrfBW> jE*fcfeA^TVi*«'&, 

fx h**»K»o&«aaft»«oa«*6inian* 
®gid©s?pic?i-5. mmmffl d o 5 i-^-r) a**© # 

*TV»5frt>l/ftfcV>8»8ai 0 8\Z&r>xm&2tl 
-5. £T©M©aWK:*^T. SIMAJl'Xliffi^A'^T. 
fc-S*1*. 94 A^- MiBBj&>1\ »tt««lcttffi© 

m^fc/ftv^ #<©^;pxsjeATiHssnfcfl-^B-€- 

©/WaroiEffilMMBSfti;*. »*©i&5£&tt 
tt. feS^A/. a^/WXfcaa/WXOWcaaaW 

[0 0 13] 01 tH2£#B8UT, *^S©->Xfi» 
tt. Sf$K «j@»A;l/X U— !f 3BaaT*S«ax* 
^-©Sfi/WXig 1 0 1 (02|-:fcttS2 0 0) Sr 

£tr. -e©y-xtt, j;<»e>nT^5&<SA/©a-3 
y ^ ?ra*« > h - s nfc* 7 7 7 

IfC**. -ttt», 100Mhz©IillSi8 0 0nm 
©«fie$SV>TJM0SM6 0 f s (f whm) ©gaM 

a/ua suitress. 

[0014] tfui^tt. *¥tflBtsn, ¥^m^3 40 
#57iA h^/^xroffiwv-xtt*©*)©^^ 

(a) Kerr U >X©^ — YUy9 U—*f, (b) 
RPM. APMl/-tf, (c) HO yjr 

77-f /t-k~ tf. (d)SSrt-HD?^l/-!f. 

(e) 7 77-fA* 9\z—J"4 >y. 

UT=p s/^Xig©A*>F«i£ii&*57 7'l'>'\* 7* 

iJXA/^X3>7*U-y1}— , (f) f^^^Mf 
7>t*, (g) iS«564iB. (h) -»?Dhn> 

a, (i) ffOTTOttxaiu ULWffiMFft£n^ 



1WP8-4 3 5 3 3 

6 

%M®, *UT (k) IBil**^tt*«««-3t , 7X'f 
7/K KX-f y?. 

[0 0 15] V-X©»*©lttAiftftBit«WfciSfc 

gftsns. L*»bfca*&. aa/wx«ttv-x»ft 
ctoaaan*. a*u*ta*»fi«, sax*;u* 

=F-aatt/W ^^^©^ajfcttaaicJ; 0^*5 

a®ffl-c$.5iE-stt^v^ LftLftifi*. #&aaaA 
;^K4"«*«Haaa*©a«t«ffi«a»i4. si^^ 
nsaafci'tf S'XfAoaa/y -r xttiz%w?z>. 

[0 0 16] LT/*fcttS^aa»l 

02,1 0 6tt*«!6*feT?aa-c**. -rat)*, a 

#7V- Mf-A#9J«, aftSD&bf-ASHHa, toll 
aston 7"'J XA£fcteGlan7'J XA^©attX'J XA. 
-3dB 77-fA-*5'^7-*T65. TIE©0 2(C 

*^t. aB*©«a«, #a3tt:-A»a»2 0 2t 
[0017] uaanaaaai 0 sitaanft^a 

aX'JXA©=J;5IC^75S»Stt <H2fc*tt*2 0 

3) -ea^sasn, aa**»*«3e-r*. 
ggtt, =fta©*fc»a©»»cj:oTaDSbafp 

[0018] aaaft^as^aawftr^^ax- 

*»tS*W*fclifcfX>/C^W^m5Si:T*^ 

t*»-e*s. c:ntt4 , ty]ffl©*ito-c»-r-57 l e*K!S 
®<D®®tti.z>. acg««»aiwtf i;-A©«»fcia 

AD-TSlHllE^77Kfcj;Dl^$n«). a*R«st* 

#/atftt>stttrts*t>o3t*7 r'f /t-eaaat 

LTftJffl-C#5„ 3i®^©fl9©fiJfflBJtE*Se«, K.F. 
Kwong et si, Opt. left., 18(7) 558 (1993) ICfEiftS 

[0 0 19] aSfflPlS^-S^©, -?-©«*P7-A© 

3t*a»apaua«a*6n*. *anm?rxh7- 
A^fcifs^ftic aaaa^^-H/tydr-rs-y— 

ia*am^fca*Ki"*&»aa3t*aaaK:^b* 
^©i/xxA©8ii«aiis«ic0iic^^n, @2 
icmens. sefflrigstt. pj^a*P7-A2ooi 

fX H7-A2 3 O&fcoMichelsoo TWftt (2 0 1) 
SUfO. ISO. 5im©PaftS?l£fcf--A#ftS§2 0 2 
ttl/— tftf-A (Wlfl*»10 0Bf) *sv»caff-r 

«2-D©auv»a«aat:»»«. s?p7-A2 2ort 

.nW-^jMJt^cf* affBK-77*UXAttft*a 
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(5) 
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8 



dr>aX-*iLTttfflT!**. 

[0020] *©:/yXA#AWan*i;-ASEtt 

U RP*K1 OmlKtt^ftlClfrl/JM.*. C©»fftt 

ilC^g-r-S^tlCiOnl^t^nS. M20Hzffl 
EK*ttfl£)fi«7^y-aX-^fcgillPSn, fl,*-2cm©ft 

[0 0 2 1] !f tf-ACDffi©*»tti;-A»3t»S 
90. flV>X2 0 4 (^^JSBI 2 0cm) i!©h'-A8 

ii/««^fflv^TT-x hit® 2 o 5 taytiutstt 

S. g®©xXh*Bteft!ci§5EStT&<5<>:ttK£1*, 
^ft©«;*-tl/TSfl:!WB*Sn*. IWttf. Lamberti 
anlt«*ffltt2 0©H«ftfcS»fci;-A*«fcA,£2 

[0 0 2 2] «*#*>6*CDaffl©tt«0^aWK** 

A2 2 0, 2 3 0*»&©»Dtt. tf-A#$18§ 2 0 2 ft 
©S-&^c©fc»l: 2 ^©H-AWHWgS^fftti 0S^ 
CWl:Sti5. -?-©{£, 2o©tf-AfiM*I^U>X 
2 0 6 (f = 3cm£ f = 1 0cm) K±oTJij&£ST& 

n. TBt»asn*j:5t#«fi«*fintisi©*& # 

l/>X2 0 4*J:tf2 0 6H;. tt«l/&fi*9»&-t©*S 

I (t) T(t + r) — 



.LiBiW. Aktt-o©A*m^ifW»ra©*tt'S0* 
0, LttiiffJBOgSTiO. i (t) 
tt/WxroiMEx^n-THBre**. 
[0 0 2 7] *ft«KJ;?TaSU>!NMBft*7 « 

■j^^iMHA-^'/xy (bbo) © 

1. 0mm©*Sft*^J*-5. i©»je&tS*tt. •€■©» 

V>MFIRJML UV^waiBttt^-XJWttftfcJ: 
sffivvwxrojcaiOTStfn*. BBO^S^cttir 

bans. 3t*ttfc»t>Tt3t**icaBttw*©eft 
©rt*tt»=©»nttflr^**t«*Kr*. ieaics 

ITC* 0 mi30Xi} M- A&$tSM\ZSbZ>mz%)? T© 



[0 0 2 3]-«*©S«3tt»t^ftfc*V»T, 2f£«3<>: 

si«©Wfc#iE'r4i«*f©*at»«tt«rjte«^s 

&^i§£tt*-©*-r Ay-mfiM*»*Btft 
». tf3#OTSS©^WRS©^"fA^-Ntt»[a^ 

6«*«W4*ftat©fl«WR|BI(l <«*.«. 

[0 0 2 4] *©4"fAy-h©#«fflWt©& 
». C©a*tt«*i»UT«ftT«**«AV». ^'f A 

(t) cjtirr«tt*D-Fft:<. esfflMwa j 

(t)*l* (t + r) drKtkW-r*. -tOSEffiH 

watt. -*ft«^a«*©sfcai/fcH*tv»5«to 
[0025] vn. gviMuwxtt. *H«»cp^m 

%/VlX<D±yt : T-xZ.)l¥-&MW?Zt£Z3. Z-®& 

±o«*fc*t»T»«»v»t>©tanTir»5. c©!is 

©^cfef-X h*BW> &©»&«>** Ay- httMHIS 
#4©(C+»T*4. iOtt*«, *f&<&2 0 5©Sffi 
£»V»E»* ifcS J: o KWHCftttl/fe 0 *S W4E 

[0 0 2 6] *S!W»C«tS#«l»^-fAy-h©a*U 
^HJS0iJ«^-©i«^iS5§4^STcb4. ^©SSIC* 

ftoxtJWJtffcgWAn*. SnroBBHfcfcJ:**© 
«^attT©*fctt«f* : 

s 1 n* (Ak*L/2) 



(Ak*L/2) 

mm*. £AT(c^i?e,n4&fflii^©*frtcj;oT. 
iies±©-t)©i;-AXitic<fcoTTfi!Hcjii^rv>4ft 

©ISHKSHT, 8 0 0 nm©A7Jt-i©MB4 0 
0nmfcH#a**xttafti&. BBOtt*««»caSff 
©#&"?<& 0 : USS+ICtt. -0©S*H-A©ttfflii 

flE*j»»»ft=i«*nfc^-A©tt«**t«»rot* 
u^ttiicfttT* — t>©a»©*i^jis«**. fcb 

itnaa&JiK te©£©ttfcftoTt>, ajf$©5F- 
att#^t-Aic*v»T7x-x • x^-ssi^g;: 
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(6) 



8-4 3 5 3 3 



9 



10 



=0©K-A©4fc«B£©fc»©*frttBl* *T<Dtt$>5 : 

c c 



no) ) 



nu (-di ) 
C 



n, (o (0) 



-tt. 



nco (±0i ) 
[0 0 2 8] 7n-J-T^L<\rr-i^7,\tZ.<D\i~-K 

u&ttntf&e&K z\ti^\tr^-^x\z&Mm<B 

JgJ&O^fgT&S. ftoT. X^©tf-A*<i£/tli!il© 

[0 0 2 9] ±5fiSnTV>*«t5C, a£U>£lK0llC 
*^Ttt» *&e-A£#ofc«22©m>;*#y M47 

^ux2 o 8-pwtsan. v>*»fc*a«e-AB* , bje 

3, 209 sao-otiasn*. itjflsn&e-Att#; 
c, %M?mm (pmt> 2 i oc*v»TtttHsn 

£Sttfci^±!8«DISW*t>o£HK»B»©8irc» 
[0 0 3 0] "bbfe*ipi:a»7-A*»effl-t5©lf- 

ts«ijtfl»j'XfAtas«wii 

»Jfc-f*. H©*-Kfc:6V>T. eTflg&ftftliSfli (- 
8 0 0/5 0 nm) ©SgOl/50t*5. ±MS*X 
T^3¥fT&fcr-AEB©ttfc>9£LT. #5£©®ffllC 

Tknn&mwwfti&mmzttVTzavrgzo 
[0031] «sk. &®w<Dn%Dcm±z®a8 



n 2 co (0) 

-7 7^t5. 7-A©g$*»^Cr>0»5«f, #V» 
(«K»a*i:«Sft&) I©H^fflX#-yHWO^I 
*>6fflT< 5©^«S3nsoStj : tfifcx*? 

±$©<£ -stains. 

[0 0 3 2] ±gBT^:;*nfc*©v*xA©gi:A,i? 

©i*fittji»&ii«fc##ai*s. v>*»&**mm*© 

59 TWRTyj *>b<DTztb<D%jRmmtUlZhM^<D 
T. fin. ^a«y^tl»lB*Sft»SnTV^. 77-f 

fi»»*7-Air .k* BEfflW© h U-x£*©fT»© 
££#*£tlT^-5. H3K4JV>T. SI*P7-A©l6*f 
fiSfcBUTS»K»»2 0 3©fiB£MiI©ittli^ 
U -tnK#LT*¥«tt«fBC»J6-r*. (a) , 

(b) t (c) t^iH^ottRdtssnrfiD, as* 

7-A©ZO©g&o;fcg£ (o£D&i!ggtl©HO 
50 ©SftofcftM) fc»*LTV>*. T*©»*B«fl«Irt 
©B«55W88©&HI::2iJftU ttJUMar^aX- 
* («Atf, #J»3'f;W ^©SB»mj£te=£l®£LT 

[0 0 3 3] (a) tCfcl^T. 7-A«^i: i biE{|lC 
IE&i£±©" q" fcaiSSftfeBSa©'?-* 
tt~ O © 7 - A ©ft^fi 3 #IEfll fc WS U>l*IIIJl*j fc* 

aie©fi$ttU'— tf • /•w^^-r. i o o f saw 

XttHI!U^-X©*?j3 0 5?D>#££s!>5.. 7^7^ 
aX-*©jfgtt2 cmT»-5©T. 03©=&©i&© 
£#©fil)*ite 2 cmtibS. fr<UT, AWX©*- 

5. 
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(7) 

11 

d-c&s. K»@B«i#*©8B*e>»n4Kr>nT, 

(b) fcfctt**3lcmttB±©8rU»«*fffiB'vfcjft 

W-X (b) fcfcfcSf. BMrr4SEffiH©t:-?IW 
t" tfMktZtLT'b, "T^T© 
tecD tr— ^ W<o«lfBffilltt?**l^|BJ" T" \t-%.<DZ% 

"3©B»-r4BEffiHt;-*tt (c) fc*V»TfiCD^ 10 

k u&t &mrt)vm\z wia, 6 *-/\- 7 y 

^&»Kt?Vitttffi«f5. §E*SW h l"-X±©" 
t" £Ki&7-A©*®©g2.h©l««tt7:??:iX- 

BttBCfcStt*. 8$7-A©X*X*-v'3>&« 
JoStt*£*ttMHB£©IR»*B*ai*. ^©cfctt 

[0 0 3 5] tfttS«ffll OOMHzKttU-He 
fcoT> PMTfc*V>T5MtSn*fi^ttJ»-©/^7 

©fefttv^iOfctri/afsi^tv^w— tf -awx© a? 

WTM. ^©Clitt^^tV^t, 2 0Hz©5 
ttW- h fcfcHTBSBEBBtt 2 5 m s WK 2 c mil 
tf, OS; 9 2 4 *t s flfllC 3 0 5 ? D >iltr*> 6T*4. 
1 0 n s#©U— !f*»6ii;*— 0©/WXT, 24 0 
0 © tf • /VV7,\$ 24/is <D*-rt-y y 7W.5£ 

a5«n*s-rntf. -o©w~tf -/wx 
•5NfW©wt2 4 o o©k-if ■ /^xsftmsns-c 

[0 0 3 6] 7* :P:iI-*©£«W-h£fcSS-t££ 50 
1*4. COilittX. Bftffm&gjRICB* 

a**;:fcfcfc*;fc». Klfc@B&©&fif;:i3tt4Xft 

»rtsnfcj»miH»BA;i'^*fcD i oy*b>r$> 
o. ipw/ (hz) 1/2 ©*-^-©y-fX*ii«* 

[0 0 3 7] H5»C0*$nfc*«W©*(S«f!l»Cfe^T 
©a£&»sn*±3lc{M«£SB)a«ttfcft6. c© 

ic#ic*^t?abo, ^ftBatwsisJftima nr»r»*. 
*»a*BB*6©«a«w«fln»««i&i-4©ic+»"e 

i&4 C t **©fiaRtt+»««CEi61-4. 
[0 0 3 8] ^©SdSWCfcHT. 0j*att4<fc'5K:<>J 
^©S¥tHK7-A5 0 1 15 0 2 ibfl/— tf • tf 
-A*^^©»Lt>S«B*fc«*««tt©tr-A • x 
-/yf-BS I *-t©SB«BSIl»4^tt. i@iiSS©U 
-If* 5 0 SttfWWICW+tV^Z^i^ifVj:^ 



«H¥8-43 5 33 

12 

©«*8o&/WX*»4Stt*. B«P7-Atf>&©* 
tttf-AX^'J y*-fct>24«fc5«E»1-*. 
[0 0 3 9]'C©»W©**Wfc*^T. 8*P7-A© 
ftW&OftStt-fcTNfcD'S*, H2K:H*3nfctt 
ffilCELT. a.-tftt6»e7-A©«»©*SWaEIW 

4^s^»4*^t?»4. tot, z.<Dm\(ommm<n 

4. 33^-^3 >/Wl^fc&fI^4tt±lCJ&9tttt 
e>nfe¥#*Giru-if • £-£©¥#©»£»*& 
4. **±©#©atii*>6«asnfc3tf4*jftre«fffl 

M4«fc^a^$n4. xj«Mi;-Att*©ii«*>6© 

»Slt*^T»*±©ft©fillfflCff^1"4© , r. LAM 
4«tSU4ft±-C&4. l/fi»l/ft#&, #*©^{5j^WSe 
«BWaE+©#©irBB*««l/iaffla!SSiBA&V»«t5a:E 

[0 0 4 0] 0 5©SUa*BUC*^T. 0>6t ©B 
©fc©©itK:»4#ttl/— tf • tf-A£*3 
<". 61 >6>; ©fc»IC«, #KH61-£Ttt§*tf-A©gi 

iB«s"boT^4©T?. */aaaEtt**±©«©*fl:o 
jMEtwa/t-r*. *aftaa«Hfi^fflfca&c. # 
bbjbb*^© i/ o** o t u&«uft^t»*ii«!i©fia 

#a+b+c f '+ f 2T&D. -tCTttf 2\tV>X 
L 2©)i^?ggi"Cfe4CiSrS-r„ ro©7-AfrSffl 

fran, *©it»4Ait*©#«»©B»ft©=M;ft 
f«. i*mrt©-«*nfc3tt©3ME©«iB7*-Afiii 

MT&4. @C#*©fc»©SSffill«B|!B05©TBP 
fcBIWKE»LTBjRS*rn>*. 7-A*3**3E3tfc 

&fflS^an4SS. Blr>3fc©=t3©X#y hsWBfttf»S 
3MX* : rJ*0«ffcX#y h#a*U>3ME©aBffiN 

^UTam^flMf-riwosna. asfflw© 

8*©**©fc»lc, tit**©" ©BBBSEW 

UJ5tt>. «H©ffla*Tfel i f$an4 <> BfflSBBfcf 
•64HI»B<. ^'J-X. SCO. NMWBBC*? 

[0 0 4 1] V^^-5B^5^© z P»tt-77'f>^>h 

«v>a<, ase<)T-e©r-^«^T$47*-- ; <'^ 

IC, ^«P7-A«#±©ttT. **S©ffi9ii*«& 

n4o BAu&B^»B«icfl»sn4. ^a^rasic 
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(8) 



1tSB¥8-4 3 5 3 3 



13 



14 



xai^-rna, wmm<D^mm\z^x^t^>/vv [ o o 4 6] *%w<dz 5fc*&»Ba<«BWi;:B4 \z 

#©BJ&©8SBaS*<g£X#-&. &fc]©#©&X. ft oSD=:3©B»a©/WXBa^«a»©«B7-A 



[0 0 4 2] *5MI©"b3-:3©*»B*«B6, B7fc 5. S^© 1 0 1 1 1 0 2 12**1*11*0 8 MP f i £ 

mtsnx&D, *£XBEam sn©BMt mm ft Tfl»a&/wx*»±aii-*^©BfcB-t. « 

tM»je»©ii«*««Biittii*>t©WR*«r3Ti»e"r' ox. (fi -f 2 ) Hi-c^aiw&o/w 

**. fc-fa>ft5*D>©s«©»K«ft-efcm«s:H x©BW«-a#**. crociBfiirFoafcaww* 

sn> a«p/^x-cas«HsnfcSKi»*v©*^ ' t, - t, = - — — 

»*«tcfi*jt«an*i^t, *i:W-f>n^ ^©ct«c (t, -t 2 ) ©sgfiitcttfrrs. 

©7-A©fiad»»l/V»WfCff6ns. ^fC&SlgWfl [0 0 4 7] fcUfc/WX'fiitfr. t% *©t*ti - 

^©B&±Ctt0ffl3*i-5JlW>h©£4B-'3©lie t 2 <ri XfcSi, ^©/WXJUMfcB^)^ £*> 

*PJ/'UkX««T. -o©Hft#*«. BBBB1 0 Btt^oo/WXB© 

[0 0 4 3] §E*Bgfi©SilP7-.M20 5l;:*S«fc BDSL^SfWirrs. ftSWKB, /W7>m\fflft& 

5fc-fi[©**-C**. *©»*"C***^tt. S«» ©U— !f-C*0 ;-:3©l/-^©»DSMW4--*fc« 

u>««r**]mwK*^xBflrt-*«Hi6B*'b:j a? tn. «©i/— *f©»Dfiu*ttPZTa»5 9- (0 

fciBBHAW*©^**. BllWicisttsiio&fbB ^snx^fci^) £&ox**t'x^©^jgii5M£^fc 

tt»7-A©WI*4jWW7-A©«WI*t«B« SttSCfcfciDBfc-r*. d©»^©3>hn-5tt 

K^U^lCftJSf 5. WBi*#©xi'X*— >3>K B0jgb$f 2 WfciU— !fA»&SASti«£'C. 

:m*SV»fc&*#^>Mc*V»Xfc£©BffittiB**. *fi fct^-UB^U-tfO+^lfT-rroftaftB 

ia«WK-*iii©>»iB»tti^*rattWBfc»* t>Mb 1 0 1 1 1 0 2*t«^«t*fP*n*t 

bkbsx*. g»Bi£», MOttft^mmtt^v^ • v-vuav&^z) , **i£©nm& 

[0044] i^b&#6> ±«g©¥e.^je^C77.o$ <=>, ^-r *rF • w— »f©«*M»BBB5>y*R£** 

r>Wft<DV— if • /WXB«BBB^©A*£l/Xttffl **. ) 

B7fcB*a*iXV>*J;3fc» ±*©¥6tt/'« 30 fcLfc+^fcRO/WX^-o©" rtX" ©Mfc*-^ 

>WZ©#a»©B«Ba«BBHA»©«BX*«. = -5y:/UiB*ltf, ttttffl*©ifc», XBJMWB 

ft^©fi^±*^xff<^ tflXB^x<&a) B**/t v>fc©ic{i^ic*^xio/-i'X^'>-r-5. 

^©fiJfflX^S-r^XWX^D-^ffiieoKX©* [0 04 8] S6K04IC^^X, 10 6BBiSB£1* 

-rt-7?^OfflfcCBl/Tft*:«>S«tt*^. feb BSXifcO. 1 0 3ttH-A%$*3£B (l^X) X& 

"baSffiWflf^oSf&i^DKWOftaiDfcfl^ft* 0, 1 0 4tt«^ft*«» (U>X). 

7-Aic*»*3t*»8icii»«iii©*(t)Wt#*-r*» ft (^bhicbb b oies.) a i o 7 icj^xsanx 

£tctt. *©t#«ft«^'N©fi»©C2tt#1!Hc«» *30, 1 0 8Ji74JM'-fc*tU!Mte*l/'tt>«. - 

Bj£a*i4*»«*BS»©*3©B nxtt»^*>©si««j5«*anRwanfc39«. ^<fc^ 
*-5ciiiBitgx*s. ^<o->xfAir B#AttR N « BBB3n*£fcBB*#fc&>>a»*"r*35. 

K^XBafcWfcJSoX^fcn ; cnttV'fjn*^ [Bffi©ffi¥fcK9J] 

*»a«tf£>^&«*©aBfctti»fcBBX**. ; [01] * r «3C7-Aft"b'3aS*Hi6B©«55BX 
ft»©B»-t>*- BB ttoBlJEfK ^m^lv-f^D 

trxV- v-f ?n*>«) Kfc^XB, U7f* [02] BE«BBB©Bft-a*S-f. 

>Xtt(MBV*BBT»*. [H3] »Bi?7-A*toSafl«M'-Xfl)584 

[0 0 4 5] BBBtteBAttB^tcBBrsttBn^ ftStBT?**. 

D-feXBBB»fP^©-€-fflBi©»l^lS«4B-r. CI© [04] g$7-A©fcW$fflgfc£#&&©KJfl<r>£ 



BBftB££i&*s. 



©&Btt*»S1-*&»c»fco;fc»DSMircttfc*i 



X©»«flfc©»&K:il!iB«*©»»Sfca. SlfcnJfg 



[05] ->*7hfc»9fftt&*lfc8fi©RPMSjST 



frui 
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(9) 



15 

[06] S»rt?>i-*©W©Bll*S-rBre*4. 
[07] /WX©#»e©3l«iBE«M©|«&£KW 

10 0-**** ld-SBIM 
[HI] 




a 1 



s 




(c) 



16 



1 0 2 



10 5-*g§B* 
1 0 



8-4 3 5 3 3 
1 0 3-tf-A£3§ 



1 0 6—m 
1 0 8 




[04] 







103 












dl 


r — ^ 


i , 








wo 
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